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Description 

BACKGROUND OF THE INVENTION 

-me present invention relates to a method of producing a train running plan which is effective for realizing a high 
speed, high density, and eneigy-sawing running of a railway tra^ .. .^^^^^^^ 

VVith respect to a method of producing the optimal train running pl^ 
e.g.. a limit speed and a grade, and rolling stock characteristics, e.g.. a mnning resistance, dnving lOrce charactenstics. 
and speed decreasing characteristics, there are pubfished the following literatures: ' 

Ueraturel: 5th National Symposium fbr Utifization of Cybernetics in a Railvray. J^^^^ 
Uerature2: iiie Transactions of the bislitute of BeclricalEngineeririgEngbieer's of Japan. ^ 
tember. 1986. ppi 769-776. 

The method in the literature 1 is such that the optimal mnning method is otstained in the running of aitttfanffarm 
between stations on the basis of the dynantic planning by treating the running time, the power consumption ^ me 
mimber of notch switching as the objective fadofs. This method is obtained In the ^^"1 ^ j^^lf^"^ 
running time, the power consumption and the like as the oK^eclive factors are obtained by performing the running sim- 
ulaticn of the train to determine the positkm. the speed and the like of the train. 

in the merature 2. the CBscusston Is made with respect to the energy-saving mnning method in *o njnnli^MD* the 
super-express railwa/s train stopping every station, be^^.een*^ ^^^^^^^'^^^^'^'^^i^^ 
me^mutatton with the time base being divided since the equation of motion of the train^mot be ®«^y^^f 
the large area. On the other hand, m fte fiterature 2. each of the strict solutions is oWainedon tiie ^^^J^ 
rnagnitude of the grade takes a fixed value and the resullarrtsohifions are Kn^ 
25 tion of the consumed energy, the necessary time and the like. ^ . ^ *u«*«^ 

The discussion about the energy-saving nmning method in the literature 2 is made m such a w^ that 'wrprt^ 
near the actual running are prepared, the consumed energy is calculated every running pattern on the 
the magnitude of the grade is zero over the whole tenitories. and the predetennined conparison is PortonneJ. Out of 
the four ninning patterns, the running pattern having the minimum consumed energy fxovid^the requite ^^^^ 
mum acoeleratfen ^ the fixed nmning at the maximum speed stopping by the r^ 

mal maximum braking. =«««rf le 

In the above-mentkKied running pattern having the minimum consumed energy, only the nriwiimm ^^ed^ 
changed to obtain the speed in which the necessary time coincides with the schedule time for realizing the scheduled 
running in vwhich the necessary time coinckJes with the schediie time. ^ . , • 

However in the prior art method of obtairmg the optmnal running plan on the basis of the dynamic planning in the 
literature 1. there arises a problem in that the cakwiatton requires much tt^ ^„«^««ni„Rn ife 

In the literature 2. as the njni^ng pattern of the Bn^ speed between the statops. only the P^eri^^ww in Rg. 1 e 
supposed. Thus, ttie method described therein can be applied to only this running pattern. Therefore, rt cannot be 
applied to the complicated pattern as shown in Fig. 2 for exarnpla ... 

Further, in addition to the liteiatures 1 and 2, with respect to the method of changing the train f"."""^ p!«",P^ 
duced in advance in the train in a real-time manner, there is published the Bterature 3. i.e.. The Transartions of the insu- 
tute of Electrical Eng&ieering Engineer^ of Japan. Vol. 107-0. Na 5. 14ay. 1987. pp. 665^72. 

The method described in the literature 3 Is about the mnning plan of the super-«^e6S i^/s tran^^ 
every station. In this case, the mnning pattern as shown in F.g, 1 is supposed as the mnning P^^Sl'l ® ^ 
Then, out Of a plurality of mnrtng methods which are supposed in advance, one provWing tfie minimum 
isdetermined on the assumplton that the magnitude of the grade is zero over the temtory shown in ^^"^ 
energy-saving mnning method is such that the running pattern is obtained by comWning the maximum acceleration, the 
fixed speed mnning. the coasting and the maximum deceleration with one another. ,^^^r^ 

In the mnning method having such a mnning pattern, the parameters v»4iich are to be determined 
the maximum speed and the deceleration starting point in the mnning territory. The two parameters are mxrgBO so as 
to provkJe the maximum energy-saving mnning under the condition of the scheduled mnning (the mnntng time com- 

cides with the schedule time). ^ \ ^ \. . ^ ..^•K^r.-ooirtr, 

In the method described in the literature 3. only the mnning pattern as shown in Fig. 1 1S suppose^ 

pattern of the limit speed between the stations, the method of energy^ng mnning is detenrtned « advance^a^ on^ 
the determination of the deceleratfon starting point is performed in the real-time ctenge .n the ^^^T^^^*^ 
method cannot cope with the occurrence of change of the Bmrt speed as shown in Fig- 3A. ^ 

supposed in advance. 
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SUMMARY OF THE INVENTION 
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Under such assuniptwns. to set ihe 1^ 
speed termory is determined the train runnlno n«thod bel««eniSaSt«l a^^^^^^ 
^J^tl'"^^'?^ -» ihefixed speed mnning -.thedecelenZlS^r^^rS^^^^ 
SSS^^I^I^^'l:^!?- " «**fehed. the train niSiing met^ STttieS 
tZ^Z^^l'^TT^T^ '^^'^^^-^^^^^'^'^ 
^^.^^ "^"^ in the train running method as described abOMt it means the scheduled nxning in 

r'th?:=2;r;xc^'"'^^ 

»the line conditions and the njiling stod, chamcteristics asTk^OfOMa,^^^ 
be Obtained IV maldng the equation Of motionrtthetnrindis«S^^ 

ing the numerical calculation f..e..b)rpeifarm»i9 the simulation). "*°™^»"»«™«'<*taneeandbypefform- 

i«thi8timft if \fi ftel N) iB aslabfehed. the necessary time Tand theconsumed energy E are uniouelvcbtaineri 

TlH«tare.ea«hofTandEisa*«K*onofVif.=.. .... n). is. the foDowino relati^^^"Z2^^- 

T-T{V, Vn).E-E{V,...,V„) (1) 

J!""' V.T;^!;2^-i^ - n«thema.ically msuch a«ay as toobtain a set of target speeds 
ftesi^SI^^^ '^^''^ ^'^^ '"^'heconditionof the necessary time ToJ,, ..!\6^ 

=«r,JIi!*f J'^'^'*'- " t*"^** SO as to decrease the consumed energy E. and tor example the oanial derii«ti» 
S&aViofEwith respect to Vi is obtained Thus, thedirection Of decreasinBtfEfeo^^ 

Or, the following equation may be used as the Objects 

J«E + a{{T-To)ffiT} ^2) 

IS^ m?!!!;./JlS?^®J^^^ ^"^^ consumed energy E and the necessary time T At this 

time^eewalu^tvonlytheconsume^ 

TTie above descnption has been given with respect to the specirtc case where thA train ^^^^^^4^*..,.!^ 

bejjre«i the n«o stations, and it is then stopped 

aE/aV{n) AE/AV(n) 

JiTci^u^r^i^e^'^i^:^"''"'^*^ 

According to another embodiment of the present invention. Instead of the gradient vector vEW) the mtio nf ih» 

Of the running time ? ^ ^nI^^Si,y"rvS° e Z 
ratH* of AE to AT « used. Then, each of the components of each ol the g^lienl vedo^fe obtaiiS^ltan «2^ill^ 
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equation. 

(4) 



-AE/AT E= -{AE/AV(n)V{AT/AV(n)} 
= -{aE/aV(nMdT/dV(n)} 



The value of the equation (4) is caMed p(m). Then, let p(n) be replaced with b as the fomi of vector. Then, the target 
speed V is cfmnged in the direction of tn this case, it is assumed that the initial value of the target speed V(n) is 
expressed t>y (the limit speed Vmax(n) - (the marginal speed)}. Then, by the marginal speed it means the upper limit 
speed that does not exceed the limit speed during the running at the fixed speed. 

10 In the calculation of the running time, in addHion to the running curve on the speed curve which is esqaressed tjy the 
speed on the axis of ordinate with respect to the position on the axis of ak>scissa as shown in Fig. 5. the curve of the 
inverse number of the speed Is also utiOzed. Since the single integral of the Inverse nunnber of the speed with respect 
to the position on the axis of abscissa tiecomes the runningtimeof the territory of interest ft is herein referred to as Ihe 
running time density", and is e}qpressed by X. 

IS The characteristics of the train are characterized by the acceieratton and deceleration characteristics, the running 
resistance and the tike. With the train, it is assumed that all the grades of the traric line are zera Then, as shown in Fig. 
7. in the acceleration up to the suitable speed more than the maximuni speed on the fine, the data about the running 
speed V, the running time density X and the running time T with respect to the running distance x are produced. Now. 
the running speed v. the running time density X and the oinning time T are expressed by the following equatiors. 

20 respectively. 

v»p(x) (5) 
X«1/p(x) = f(x) . . (6) 



T-Jf(i;)d<;-F(x) (7) 



Moreover, as shown in Fig. 8. the incfividual data in the deceleration from the running speed ^ of interest are also pro- 
duced. In this case, the ruming speed v. the running time density X and the runrdng time T are expressed by the follow- 
ing equations, respectively 

35 v»q(x) (8) 

X»1ft?(x) = g(x) (9) 

X 

« T-|g(C)dC-G()0 (10) 

0 

Since each of the functions p(x), q(x). f(x). g(x). F(x) and G(x) is a monotonous function, these functions have 
45 respective inverse functions. Moreover, as the functions necessary for the calculation of the running time, the data of 
F(r ^(X)) with respect to the variable X in the acceleration and the data of GKg'^ (X)) with respect to the variable X in the 
deceleration are produced. 

Although these fur>ctions are rwt always dearly expressed in the form of formula, they are stored in the computer 
in the form of discrete numeral data. 

50 Fig. 9 is a graphical representation showing the running of the train in wivch the f ixed speed running is performed 
up to the position x^ at the speed V^. the acceleration is started from the position x, . the running speed reaches the 
speed in the position the fixed speed running is performed up to the position Xg at the speed the deceleration 
is started from the position xg. the running speed reaches the speed Vj in the position and the fixed speed rurviing 
is performed up to the position X3. Incidentally, in tNs case, it is also assumed that the magnitude of the grade is zero 

55 in each of the running territories. 

Moreover. Fig. 10 is a graphical representation showing the inverse number of the speed. i.e.. the running time den- 
sity. The running time density is expressed by the fbllowing equatioa 

Xi = 1/ViO=1.2.3) (11) 
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The position 4i where the running is switched over from the acceleration to the fixed speed running can k>e obtained 
using the speed curve p(x) in the acceleration of Rg. 7. and the distance required for the acceleration from V. to Vo can 
be obtained by the following equation. 



* pV2)-p'(Vi)-4iX, (12, 

TTie running time Ta from xi to ^1 con^sponds to the area A shown in Fig. 10. In order to obtain this running time 
Tjvttie travel tenitory between x^ and is converted into the characteristics shown in Fig. 7 and the resultant charac- 
terWic curve 01^^ 7 is then imegrated. Rrsl the positions and corresponding to and are gh^^ 
w Vi "MX, ) and y 2 »f (Xa). respectively Therefore, therunningtimoTAisgiven by: 

TA-jKOdC- J f(c)dc 

fs yi r'(x,) 03) 

-F(r\x2)).F(f-^(X,)) 

Moreover, the running time Tb from 4i to 3% corresponds to the area B and is ^en byX2-(x2.£,).Asa resutt 
20 the njnning time Tab Uromx, to 3^ Is obtained usfrig the following equation. 



Tab - F(* (M) - FC^ 'CX,)) + 3^2 • (Xg - (14) 

Theposition ^ where the njnning is switched over from the deceleration to the fixed speed running is obtained l^om 
25 the fbUowing equation, using the speed cun« q(]0 in the deceleration of Fig. 8. 

q"V3)-<l'<V2)-ta«a (15) 
In the same manner as in the acceleration, the naming time Tc from xg to ^ is given by: 



30 



35 



40 



J g(OdC 

g^x,) (16) 
-G(9'(X3))-Q(g'(X2)) 

"nienjnrtngtinieTD from 42 to X3 corresponds to ttie area D and is given by X3 -(x, -^2). AsaresuH themn- 
nmg timeTco from Xg to X3 is obtained using the following equatiorL 

Tco-Q(g\x3))-G(g-V2)) + X3.(x3.42) (17) 

The reason for perfomiing the calculation on the assumption that the magnitu^^ 
description 6 that since the magnitude off the grade depends on the place, taking the actual grades into consideration. 
<5 It IS impossible to produce the desired data m advance by the simulation. However, tiie fbltowing items are tnie: 

1 . Since the recalculation of the running time in the train is necessary for tfie territory where the change of the limit 
^ed occurs locally and ttie siteequent several territories, ttie distance requiring the recalculation is short Thus, 
ttwe IS a small enw between this case and the case where the magnitude of t^^ 
50 f; Such a tenritory where the change of the limit speed occurs is mainly included in the high speed area, and ttiere- 
fore, ttiere is small influence of some variation of thi» speed due to ttie grade upon ttie running time. 

For tfie above reasons, ttiere is the small error between tt» present case and ttie case where ttie magnitude of ttie 
grade is taken into consideration. 

55 As described above, ttie necessary data are calculated in advance by ttie simulation and ttie fike. and ttie running 
time IS ttien calculated using the resultant data, whereby it is possible to correct ttie running mettiod which is set in 
advance, in a real-time manner. 

According to ttie present invention, ttie necessary data is calculated in advance by ttie simulaGon Even when ttie 
necessity of correcting ttie ttain ninning mettiod occurs, e.g.. ttie change of ttie Emit speed ten^sorarily occurs, it is pos- 
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stble to Gorrect the running m^hod in the train in a real-time manner. 
BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a graphical representation showing a prior art running pcrttem of a limit speed between stations: 

Fig. 2 is a grapNcal representation showing an example of a running pattern of a limit speed between stations; 
Fig. 3A is a graphical representafion showing an example of the running pattern in the case where the setting of 
the limit speed occurs temporarily; 

Fig. 3B is a graphical represerrtabon showing an example of the running pattern corresponding to the inverse 
io numtier of the limit speed tHustrated in Ftg. 3A: 

Fig. 4 is a graphical representation showing an exanple of the mnning pattern of the Gmtt speed b^een the sta- 
tions: 

Fig. 5 is a graphical representation showing a running pattern used for correcting the running plan; 
Rg. 6 is a gfaphicat representation showing the inverse number of the mnning pattern shown in Fig. 5: 
15 Rg. 7 is a ^aphical r^esentation showing the speed, the inverse number of the speed and the running time in the 
acceleration in the case where the magnitude of the grale of the travel terntory is "0": 

Rg. 8 is a graphical representation showing the speed, the irwerse number of the speed and the running time in the 
deceleration in the case where the nmgnitude of the grade of the travel territoiy s "0"; 

Fig. 9 and Rg. 10 are graphical representations useful in explaining ttie calculalion of the running time using the 
20 inverse nun"dber of the speed: 

Fig. 1 1 is a block diagram showing the arrangement of a system for carrying out a metfiod of producing a train run- 
ning plan according to the present invention; 

Fig. 12 is aflow chart showing the method of producing a train running plan of a first embocfiment according to the 
present invention: 

25 Rg. 13 is a diagram useful In explaining an example of the running plan which '6 displayed 
tern: 

Rg. 1 4 is a graphical representation showing an exBmpAe of the grade data of a limit speed territory: 

Rg. 15 is a graphical representation showing the running pattern of the timit speed which is used when a train 

passes a station; 

30 Rg. 16 is aflow chart showing ttie method of producing a train running plan of a second eni>odiment according to 
the present Invention; 

Rg. 17 is aflow chart showing the method of correcting a train njnning plan; 

Rg. 18 and Rg. 19 are graphical representations useful in explaining examples of con-ection of the running plan; 
and 

35 Rg. 20 and Rg. 21 are graphical representations useful in explaining another examples of con-ection of the running 
plan. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 Preferred emtxxJiments of the present invention will hereinafter be described in detail wnth reference to the acconv 
panying drawings. 

Fig. 1 1 is a blocic diagram showing the anangement of a system for canning out a mettiod of producing a train run- 
ning plan aocofding to the present invention. 

This system curangement is made up of a train system 200a having a main function of cfisplaying an optima) train 
45 running plan on a CRT 203 provided in a train to perform the operational support for an engines, and a ground system 
200b having a main function of producing ttie optimal train running plan to t)e displayed t>y the train system 200a. 

Moreover, for brevity, it is assumed ttiat ttie traffic route is a line consisting of two raits, a plurality of stations are 
included in ttie traffic route, a running train is Bmited in type, and each of ttie trains is a local train. 

A njrining plan producing unit 208 serves to refer to ttie necessary data in a rolling ^tock characterislic data f fle 212 
50 and a line condition data file 21 3 to produce optimal ttain running plan tfiereby to store the optimal train running plan In 
a running plan data ffle 21 1. This processing is performed in advance witti respect to all the territories, ttie type of ttie 
train, the up train line and ttie down train Une. 

Then, to determine ttie train plan is to determine a target speed in each of ttie limit speed territories. Incidentally, in 
addition to the target speed, ttie curve of ttie speed corresponding to ttie position on ttie line, which is designated ttie 
55 running curve, will t>e also displayed in ttie train. In the data file 21 1 , ttie result of the sinrwiation when ttie optimal target 
. speed is set will be recorded in the for m of the position and the speed. The details of the.metfiod of producing an optimal 
train running plan will be described later with reference to Fig. 1 2. 

Then, tiy the rolling stock characteristic data it means ttie drive force characteristic data arxl the deceleration char- 
acteristic data conresponding to the train speed, the running resistance which is a functton of the second order of the 
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train speed, the train organization, the train weight and the lil«e all of which are inherent in the traia TTiese rofling stock 
characteristic data are stored con-esponding to the type of the running train. 

Moreover, by the line condition da^ it means the position of the station (stopping target position), the limn speed 
information (tenitory starting posHion and fimit speed, eta), the grade information (starting position and magnitude of 
5 grade, etc.) and the like all of wrhich are ot}tained with the starting point of the traffic route b«ng treated as a standard. 
Since it is assumed that the traffic route a single line, these data are limited to only two kinds with respect to the up 
train line and the down train lina 

Out of the data of the optimal train running plan thus produced, the data corresponding to the running train and th 
territory between the stations at whktfittw train is to be stopped in nfl^ 
10 of the running train. As for the means for transfOTing such data, there are known vanous kinds of ones. HowevefT^- 
tlcularlyin the present example, an ICcanj is used to transfer the data from the ground system 200b 
200a. The running plan prochjcing unit 208 serves to search for the necessary data to take out them ftom the data file 
211. thereby to send them to ante card writer 214. The IC card writer 214 serves to write the data thus sent thereto n 
an IC card 21 5. The IC card 215 having the data written therein Is the same as an IC card 206 in the ^ 
IS Arunning support unit 201 sen^ to read out the runra'ng plan from the IC card 206 through an IC card reader 207 
prior to the start of the train and to record the running plan in a runn^ plan data file 204 in a train computer. Further, 
the running support unit 201 perfomrQ the display of the present positkm, the target speed at the present position, the 
running cunre in the running plan, and the like on a CRT 203, corresponding to the travel posMon of the trrin. A key- 
board 202 in the train system 200a and the 209 in the ground system 200b are useSfor^^ 
20 the like When the respective systerns are operated and SO fiorth. An example Of the tfsplayedpkrt^ 13. 
In Rg. 13, the reference numeral 701 designates the limit speed, the reference numeral 702 designates the optimal 
target speed, and the refwence numeral 703 designates the running curve which is obtained by perlbrming the simula- 
tion of the riaintng at the op&nd target speed. The reference numeral 704 indicates the present positton on the running 
cunre. The target speed the present speed, the present positkm and the running time are numerically displayed in 
25 areasTOS. 706. 707 and 708. respectively. 

Returning to Fig. 11. the positton ol the train is cak;uiated in such a way that a rolling stock positton detection urvt 
205 measures the rotational frequency of the wheel and the connection is peribrmed in the place where the postlions of 
the station and the vicinity thereof can be accurately grasped. 

Fig. 12 is a flow chart in accordance with.whk:h the running plan producing unit 208 in the ground system 200b 
JO shown in Fig. 11 carries out a frstentKXfinient of a method of product 

The first embodiment is characterized in that the target speed is determined so as to provkle the minimum con- 
sumed energy when the train is running. 

Instep 101, the data inputted from the keyboard 209 is read out The data whk*i are inputted from the keyboard 
209 are made up of the type of the train, the identifierB with respect to the Individual statkm the starting time, and the 
35 estimated time of arrival. 

In Step 102. on the basis of the data ttius inputted, the tine conditton data with respect to the slattons at whk:h the 
running train is to be slopped in order (the line length, the station positkxi, the limit speed information, the grade infor- 
mation and the like) and the roHing stock characteristic data of the running train (the drive force cfiaFacteristks. the 
deceleration characteristks. the train weight and the like) which are stored in advance in the files 213 and 212 of the 
40 ground system 200tx respectively, are read out The train weight is cak»lated on the basis Of 
tor Ot is estimated from the past data and the like). 

In Step 103, on the basis of the above data thus read out the target speed whfch is obtained by subtracting the 
marginal speed from the Mt speed is assigned to each of the limH speed territories^ The marginal speed is set so as 
not to exceed the linnt speed during the fixed speed running. Thus, for exarhple. Ht the marginal speed is set to 3 km/h, 
45 when the limit speed Is 100 knVh. 97 knVh Is set to the targm speed. 

In Step 104, the necessary timeTand the consumed energyEin the case where the train wiMn^ 
tkxis at the target speed thus set are cakxilated. The itx>naete rnethod o^ 
sumed energy E wSI hereinbetow be described. 

The mnnlng pattern of the limit speed shown In Fig. 4 is used as that in the present embodiment The axis off 
50 abscissa designates the distance from the starling statfon and will hereinbetow be represented t>y x The limit speed 
territories are numbered serially (the total number of territories is N). At this lime. H is assumed that the starting posHfon 
of the l-th territory is Xi and the Omit speed thereof is Vft^ j. That is. if the positfon 
of xj a X a X|^i, the limit speed at that position is Vmax.i 

Moreover, as described atxjve. it is assumed that the running pattern takes the combination of tfie maidmum accel- 
55 eratfon-^ the fixed speed running the deceleratk)n by the normal maxinrKimbr^ 

Next it is assumed that the grade of the n-th limit speed territory is as shown in Rg. 1 4 and the nun*w 
each having the grade is Mn. Then, in the position satisfying the relationship of a x s 5„ the grade is Tn m- *nci- 
dentally, the unit of the grade is expressed by o/oo (per mil). 

The running resistance Rr is a functfon of the second order of the train speed v and is expressed by tfie following 
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tormuia: 

R„(w) = a + bv + (v* (18) 

5 ¥^ere a. ^ and fi are parameters inherent in the kind of the train. 

The gfade resistance Rq is a function of the position x. Since the unit of the grader is given by g/oo, if the angle 
oon-esponding to the grade is given kiy e. the (bnowring relatiorship is est^shed. 

sine%e^tane« r^ooo 

10 

Thus, if the train weight is given tiy M, the foUowing relationsh^ is established. 

Rq(x) B M -g *sin e ^ M -g •r/1000 

IS Then, if the drive force characteristics and the deceleration characteristics corresponding to the speed ^ are- 
expressed by Tq(v) and TqM, respectively, the equation of motion of the tran motion are given by: 

IW-^«FmM-Rr(v)-RoW (19) 

where Fm(v) is the output of a motor (Tq(v) in the acceleration and -Tb(v) in the deceleration). SrKe the limit speed as 
the constraint concBtion depends on the position x. the indeperdent variable of the time t is inconvenient to treat Then, 
the time t is subjected to the change of variables to obtain the independent variable At this time, the equation is rewrit- 
25 ten as follows: 

M.v.^«F„(v).Rn(v).RQ(x) (20) 

30 . 

Thereafter, the necessary time T and the consumed energy E can be obtained in such a way thatthedislanoe sis 
made to be discrete and the equation (20) s solved t^y the numerical calculation. 

Irxadentally, altfious^ it is assumed that with respect to the train running, the acceleration is performed in accord- 
ance with Tq(v) and the deceleration is performed in aooordance with Tb(v). the control in the fixed speed running is 
35 performed in the foitowing inariner. 

The lower rimit AVd and the upper limit A\Aj of the error b^ween the present speed ^ and the target speed Vn are 
set Then, the cortrd in the f ixed speed running is performed in accordance w^ 

V s Vn - AVd : acceleration dueto TqCv) 

40 

Vn - AVd < V < Vn -I- AVu : poasb'ng (F M (v) • 0) 

Vn AVu s v : deceleration due to Tb(v) 

45 In order to obtain the partial derivative dE/aVi Of the consumed energy E With respea to 

target speed Vi is reduced by the small speed eV to perform the same calculation. If the coreumed energy at this time 
is given by E*. the following relationship is established. 

dE/aVi = (E-EV6V (21) 

50 

Siich a cak:uIation is repeatecfly performed with respect to i 0=1 N). 

After the completion of the above processing, with the target speed being equal to the initial setting value O-e.. in 
the first calculation), the schedule time (the estiniated tinrie of arrival - the starting time) 

necessary time (Step 105). When the schedule time is smaller than the necessary time On the case where the train is 
55 too late for the necessary time at any high speed), it is judged that the input data are abnormal. Then, this processtr^ 
is completed (Step 106). The completion of this processing is dsplayed on the CRT 210. 

On the other hand, when the schedule time is larger than the necessary time, the difference t>etween the schedule 
time and the necessary time is calculated.to compare the magnitude of the differime and the allowable enror 6T with 
each other (Step 107). If the difference therebetween is snnller ttian the allowable error (formation of end condition). 
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the target speed and the running curve data at this time are stored in the running pian data fSe 204 (Step 108). TTius. 
the processing for obtaining the optimal train running method is completed (Step 109). 

If the difference therebetween is more than the allowable error 5T. the processing for changing the target speed is 
perfbrmed (Step 110). There are various methods for changing the target speed. For exarnple, there is a method in 
which the gradient vector having dE/dVi as the i-th component is normaHzed (making the length thereof 1), the length 
along the i-th component, i.e.. that of the target speed as the vector is decreased by 5 km/h. There is another methcxi 
in which the positive and maximum partial derivative is selected and the target speed is reduced by 1 Knrtfh. In the 
present embodiment the latter is employed. 

Thereafter, the subsequent target speed is newly set. a series of processings beginning firom Step 104 are 
repeated. 

As another example in the method of producing a train running plan, it is supposed that the territory for providing 
the optimal train running plan exists between the two passed stations, as shown in Rg. 15. At this time, there is no 
schedule time between these stations. However, the difference between the estimated times of passing with respect to 
the two stations is regarded as the schedule time, the speed at passing the station at the left end (the initial speed in 
the simulation) is.added. and the consumed energy and the necessary time are obtained by the simulation. 

Thus, in the method of producing a train running plan according to the first embodiment since the target speed in 
each of the limit speed territories is obtained on the basis of the nonlinear planning for obtaining tfie desired train run- 
ning plan, the number of parameters used for determining the target speed can be deaeased. and the computation 
time becomes less in conparison with the case of the optimal njnning method for all the territories by the dynamic plan- 
nirigortheOka 

Moreover, the method of producing a train running plan of the present emtxxfiment can t>e appCed to the running 
pattern using the arbitrary limit speed. 

The second emkxxliment of the present invention win sutisequentiy be described, in the second enfoodiment the 
sut)sequent target speed is newly obtained on the basis of the change ratio of the consumed energy with respect to the 
change of the running time when changing the target speed Incidentally, as the system 16r carrying out the method of 
producing a train njnning plan of the second embodiment as shown in Fig. 1 1 is used. Therefore, the description of the 
arrangement of the system is omitted here for brevity^ Then, only thefeetures of the second embodiment will hereinafter 
t>e desoibed with reference to Fig. 16. 

In Step 101a. the data of the type of the train, the identifiers with respect to the individual stations, the starting time, 
the estimated time of anrival. and the like are inputted from the keyboard 209. 

In Step 102a, on the basis of the data inputted in Step 101a. the Bne condHton data with respect to the staltons at 
which the running train is to be stopped (the Hne length, the statfon position, the limit speed infbrmatioh. the grade infor- 
mation and the like) and the rolling stock characteristic data of the train of interest (the drive force cTiaracteristics. the 
deceleration characteristics, the train wei^. and the Pike) which are stored in advance in the files 213 and 212 of the 
ground system 200b. respectiveiy. are read out. The weight of the passengers in the train weight is calculated on the 
basis of the average seat-toad tactor (it is esUmatad from tlie past data). 

In Step 103a. on the basis of me data thus read out the initial value of the target speed of each of the limit speed 
territories is set by sut>tracting the marginal speed from the limit speed Vmax(n). The marginal speed is set so as not 
to exceed tlie limit speed during the fixed speed running at the maximum speed. Thus, for eocample. if the marginal 
speed is set to 3 km/h. when the GmH speed is 100 km/h. 97 km/h is set to the target speed. 

In Step 1 04a. the processing is performed with respect to the fbltowing two items: 

(1) The simulation of the train running is performed using the target speed wfifeh is set at present to calculate the 
running time T and the consumed energy E. At the same time, the comtMnatfon data of the taiget speeds at thiat 
time, and the running curve data whk:h are expressed by the relatfonsfiip between the running position and the 
speed are temporanly stored. 

(2) The target speed of the n-th Rmit speed territory which is set at present is expressed by V(n). Then, the target 
speed of that territory is set to V(n) - eV which is obtained reducing the target speed by the smair value eV. to 
perform the simulation of the train running. Thus, the running time T and the consumed energy E* are calculated. 
Then, the following approximate expressfon is cateutated. 

p(n)*,-(E-E7/(T.r) (22) 

Such a processing is earned out with respect to n (n»1 N). Incidentally, as stated in the description of the equa- 
tion (4). p(n) represents the vector component. 

rvfow. when the running pattern of the limit speed is that as shown in Rg. 4, the calculation method of the running 
time T and the consumed energy E is as foOows. 

The running pattern of the train is supposed in such a way that in the acceleration nmning, the acceleration by the 
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maximuni accelerating fiDroe is switched over to the fixed speed running^ and in the decelemtion runntng. the decelera- 
tion by the normaJ maximum braking is switched over to thefbced speed running. At this time; by determining the train 
amning plan it means that determining the target speed in each of the Gmit speed tenitories. 

Then, if the drive force characteristics and the deceleration ch a racteristics corresponding to the speed v are 
5 expressed by Tq(v) end lb(y), respectively, the equation of motion of the train is given by: 

M«(dvAiOoFm(v)-Rr(v)-Rg(x) (23) 

where Fni(v) represents the output of the motor and is expressed by Tq(v) in the acceleration white being e)pressed tv 
10 •Tb(v) in the deceteration. Thereafter, the necessary time T arxi tfie consumed energy E can be ok>tained in such a wcy 

that the timet is made to be discrete and the above equation is solved by the numerical calculafion. 

Inctdentalty. alttiough it is assun^ that with respect to the train running, the acceleration running is performed in 

accordarwe with Tq(v) and the deceleration running is perfbmned in accordance with TlHv). the oontrol in the fixed 

speed running isperfonmed in the foUowing manner. The lower fimit AVI and the upper DnA AVU of the error between the 
IS preserit speed V and the target speed V(n) are set Thea the oontrd in the fixed speed runri^ 

ance with the following relationship. 

V s V(n) - AVI : acceleration due to Tq(v) 
20 V(n)- AVI <v<V(n) 4- AVu: coasting (Fm(v)«0) 

V(n) AVu s V ^deceleration due to lb(>0 

After the completion of the at>ove processing, in Step 105a. with the targ^ speed being equal to the initial setting 
25 value which is set in Step 103a (La. in the first calculation), the schedule time (» the estimated time of arrival • ttie start- 
ing time) is compared with the running time which is calculated kvy the simulation. 

By the case where the running time is larger than the schedule time, it means tfiat in the case where the train is too 
Jate fo r the schedule time at any high speed. In such a case, the input data are abnormal. Then, the processing for 
^obiainin^ the optirnal target speed is complied (Step 106a). Then, the oompleiion of this proces si ng is displayed on 
30 the CRT 210. 

In the case where the running time is smaller than tlie schedule time, the calculation result o f tfie scttedirte time • 
^ the runni n g tima" anri fhn atinMiahio ormr fCT nnmr w yed wHh BB j gh o*hor (jRtap 107a). When ttiedfRefenca therebe- 
tween is sm^ler than the allowable error ST. the formation of the end corxfitoon is estaislished. In this case, the oomtii- 
nation data of the target speeds and the running curve data both of wNch are temporarily stored are scored In the 
35 running plan data file 204 (Step 1 0da). Then, the processing for obtairang the optimal train running method is complied 
(Step 109a). 

On the other hand, wtien the difference theret)etween is more than the allowable errors 5T, the processing for 
ctWmging the target speed is perfonned (Step 1 10a). Then, the target speed in the territory h 

imum p(n) is reduced by unit quantity. e.g.. 1 km/h. Alter the sut>sequent target speed is newly set. a seriesof process- 
40 ing beginning from Step 104a are repeated. 

vvnth respect to the metlKxi of chariging ttie target speed in Step 1 10a. in addition to the ab^ 
there are various ones which will suk)8equently t>e listed. 

(1) A first method is such that as descrilMd on relMng to the equation (4). a as the vector is used, its u^ 
45 fi/ifil Is obtained, the target speed is moved along the direction of that urvt vector by i^^^ 

where the target velocity exceeds the lirrvt speed, tf^t target speed is not changed. 

(2) A second method is such that since in the above method (1). the target speed will t>e increased in any territory 
having the negative p(n). a where o{n) = 0 is set to that territory is used. 

(3) A third method is such that since in the method Oeeontied in the present emtxxliment and \he above methods 
so . (1) arid (2). there is the possibility that the irwreasing of the running time correspoTKling 

speed per unit quantity is large and thus it may rwt be suitably within the rar^e of the allowable error, when 
approaching the running time set in advance, the target speed is changed to decrease the unit quantity. 

Thus, in the method of producing a train running plan according to the second embodiment the target speed in 
55 each of ttie liniit speed territories is obtained for obtaining tfie train running plan, arvJ theconr^nation of the optimal tar-; 
get speeds is obtained by utilizing the ratio of the decreasir^ of the consumed energy to the Increasing of the running 
time in the change of the target speed. Therefore, the numk>er of parameters used for determining the target speed can 
t>e decreased and the oomputation time becomes less in comparison with the case of the metixxl of ot>taining the opti- 
mal running method over all the territories, such as the dynamic planning. Moreover, the presem method can t>e applied 
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IS 



so 



to the mming pattern using the arbi^Hmit speed Furt^ since it is urwaceBsarw lo s^i.^, fr,r 
conpleted (Step 103b). In the canS^aLl^!^^^^^^ '"^ and thus the precessing te 

me Step i(J4^^^i^2;;:;s?^^ 

the prepamton far oivlng desertion of t^ 

^ andRa ,9byput6no -lSthe<^^Jl;^1;!!S^^l'^^ value In Fig. 18 

the limit speed in the omning is expressed bv ^^*:J!^'^^J!^S^ w set so as not to exceed 

rH«y 6. The detail deser^on wiU h»eW«lo« S^^S^ SSXS 
.-X-i^^rril^^^^^ 

T,-*4-0c.-X;^ + X4.(X7.xJ + Qto'(X7))-<3te"V4» + X,-(XB.5,) ,27, 
<l'V7)-q'(V4) = «7-X7 

» relationsh4)ofTi=T,te^«Sw»4^^^^^ 

Thai Tj is calculated whHe leaving Vj- being an unto^ „ 

58- and ij- are also mknonvn quantities, they are uniaualv detarminJiH J ^» gow. Tgisa ftmction of Vg Then, wMe 
and (17). the follo»ing e„«^ ^^S^ ^"^^ det«a»ned rf Ve « determ«ed. By using g» equations (U) 

= G(g '(550) • G(g '(xs))* x^' ■ (x, - tsH F(f'(t,0) - F(|-'(x,)) 
+ '^s" • (X7 - 6,7+G(g '(t7l) - Q{g-'(X7))+ 1/ . (x, . 
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tfKidentally. with respect to ^\ ^ and V. fonowing reialionships are established. 



35 







W-«5 










-q'Ve)' 





Vg to t>e otjlained can be calculated as the root oi <>(V,) « T^tV 6>T , from the numerical calculation by ufifeing 

10 the Newton's method or the lite. « 

In the case where the solution of ^KVe^-O is present ft is judged in Step 107b that it s possSte to petfoffn 
scheduled operation. At this time, the target speeds Vg and Vg are corrected to V5 and Vg'. respectively, to comptete 
theprocessing (Step 108b). The resultant target speeds are displayed on the CRT 210. With the mnningcunre. the data 
of the territories (the territories 5 through 7) where the correction occure are replaced with those of the rnnning curve 

IS (p(x)inRg.7andq(x)inFig.8) whenthegradeiS2ero. . ^ ^ 

In the case of absence of the solution of ♦(Vgl - 0 . it is judged in Step 107b that it is impossible to pertbmi ft^^ 
scheduled operation by orty the correction of the tenritories S and 6. At this time, in the same manner as in Vs . Vg is 
also set to the maximum speed as fast as the train nins through the territory 6 (Step 1 09b). Then, the prooesang is 
relumed to the Step 105b to perform the calculation for obtaining vy. w^i^^t^rriwteQ 

20 in the above-nientk)nedalgorilhum. in the case whwe the correction is necess^ 
such as the territories 7 and 8. the amoum of calculatton is inaeased so that the catoi^^ 
ever since the target speed of the nearest territory is set to the maximum speed as last as the train r^ 
territory, the predetemiined cakaHalion maf be completed during the running through that territory. Thus, there 6 no 

S5 ^^^tll^^d^^, according to the method of correcting a train running plan, the data which are calculated in 
advance by the simulation are used to pertomi the calculation of the running tima thereby to perform the conectipn of 
the rnnning plan. Therelore. wen when the change of the limit speed occurs tenrvoianTy. the running plan can be cor- 
rected in a realrtime manner. 

30 Claims 

i A method of producing atrain running plan for making a train to nin through a predetermined travel temtory of a 
railway, wherein the travel territory is divided into a pluraTity of territories, eac h having a predetermined limit speed 
(Vmax i). maintaining a predetermined running time (T p). the melhod comprising the steps of: 



(a) setting a target speed for each territory: ^ 

(b) ofcrtaining a consumed energy (E) and a running time 01. wherein the train is simulated to run m acoorcance 
with the target speeds in each temtory. assuming acceleration of the train by a maximum accelerating force 
and deceleration of the train by a maxinum decelerating force; 

40 (c) for each territory, without altering the target speeds of the other territories, reducing the te'get speed of a 

territory and obtaining a consumed energy {£) and a runnbig time (T) fer the changed target speed off the ter- 
ritory, and detennining a change ratio of the consumed energy obtained for the territory; a^ 
(d) repeating steps (b) and (c). whereia after each step (c). the target speeds are reset on the basis of the 
change ratios, in order to determine the terget speeds of all the territories in the predeterrrtned travel territory 

45 in such a way that, in the simulation, the train mns in accoidance with said predetemiined running time and the 

consumed energy Isecomes minimum. 

2. The method according to daiml. wherein step (c) comprises the steps of 

(Ci) detemiining the change ratio of the consumed energy for each territory as positive for the case that the 
consumed energy is decreased while the running time is increased, wherein the target speed initially set m 

step (a) is assumed to be the limit speed; . 

(C2) reducing the target speed of the territory, in which the resultant change ratio off the consumed energy laKBS 
the maximum value, by unit quantity; and 

(C3) treating the target speed reduced by unit quantity in step (cg) as a new target speed, when the mnning time 
is within a predetermined error range. 

The method according to claim 2. wherein step (cg) includes a processing of the value off the change ratto of the 
consumed energy dbtained for each territory as a vector quantity to change the target speed along the direction of 
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the vector by unit quantity. 
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The method aocording to daim 3. wherein said processing as a vector quantity includes a changing of a conponent 
of the vector quantity of the temtorytcxr if the conponent of the vector quantity is negative. 

The method aocording to daim 2. wherein step includes a process of deaeasing the unit quantity for changing 
the target speed, when the running time of the tram in the territory approaches the predeternined mnning tima 

The method according to daim 1. wherein the runriing time and the consumed energy of the train of the predeter- 
mined travel tenritory are otrtained on the basis of an initial speed when the train enters Into said travel territory, pre- 
determined grade inlbrmation. a running resistance of the train, accetaiation and deceleration characteristics of the 
train and a weight of the train. 

7- The method aoooidiiig to daim 6. wherein the consumed energy is made to be an evaluation function (E) 
IS ©(pressed by an equabon off E»E{V, V^) wherein the Individuai target speeds are independent variables 

.... Vn). 

a The method aocording to daim 7, wherein the running time is made to be evaluation function m en>ressed bv 
equation To T(V,,....Vn). w ^ 

The method according to claim 7 or 8. wherein a differential coeffidem is obtained from an approximate expression 
of aE/aV(n) = AE/AV(n) , wherein target speed V(n) is changed in the range of O 5 V(n) s Vmaxfn) and Vfn) 
becomes an optimal target speed when E takes a minimum vahja ^' 

2s PatentansprOche 

1. Verfahren zum Erstellen eines Zugfahrplans. urn einen Zug duidi ein vofbestimmtes Retsegebiet eines Etsenbahn- 
netzes «ahren zu (assen, wobei das Reisegebiet in eine Vielzahl von Qebieten unterteiH ist. die jedes eine vorbe- 
stimmte HOchstgeschwIndigkeit (V„«^ |) besitzt, wflhrend eine voriMstimmte I^Uvzeit (Tn) aufrechlerhatten wird 
30 nut den Schritten . 

(a) Festlegen einer Zielgesdiwinoegkeit fOr jedes Gebiet 

Cb) Bestimmen der verbrauchten En^e (E) und der Fahrzeit (T), wobei simuliert wird. daB der Zug in Ober- 
einsfimmung mit den Zielgeschwindigkeiten in jedem G^et fahrt unler der Annahme einer Beschleunigung 
3S ^^^"9®® maxfenalen BescNeunigungsl<raft und einer Afabremsung des Zliges mit einer maximalen 

Abbremskraft; 

(c) fQr jedes Gebiet Verringem der Zielgeschwindigteit eines Gebtetes. ohne cfie Zielgeschwindigkeiten der 
anderen Qebiete zu verflndem. und Ermittein der verbrauchten Energie (F) und der f^rzeit <T) fOr die geftn- 
derte Zielgeschwmdtgkeft des Gebietes und Bestimmen eines VerAnderungsquotienten der fOr das Gebiet 

40 ermittelten. veriarauchten Energie; und 

(d) WiedGfholen der Schritte (b) und (c). wobei nach jedem Schritt (c) die Zielgeschwindi^en auf der Grund- 
lage der Anderungsquotienten neu feslgelegt warden, urn die Zielgeschwindigkeiten aller Gebiete in dem vor- 
brehmmten Reisegebiet auf eine sotehe Weise zu bestimmen. daB bet der Simutatk)n der Zug in 

^ Ubereinsbmmung mtt der vorbest im niten Fiahizeit fflhrt und die verbrauchte Energie minimal wild. 

2. Verfahren gemaSAnspnjchI, wobei der Schritt (c) (fie Schritte 

(Ci) Bestimmen des Anderungsquotienten der verbrauchten Energie fOr Jedes Gebiet als podtiv. wenn die ver- 
brauchte Energie abnimmt wahrend die Fahrzeit zunimml. wobei die anttngfich in Schritt (a) ftetoelegta Ziel- 
so geschwindigkeitalsHOchstgeschwindigkeitangeseheniMid: 

(cg) Verringem der ZielgeschwindigkeH des Gebietes. in dem der resultierende Andenjngsquotient der ver- 
brauchten Energie den maximalen Wert annimmt. urn einen Einheitswert: und 

(C3) Behandein der umden BnheitBwert in Schritt {Cg) verringerten Zielgeschwindigkeit als neue Ztelgeschwin- 
digkeit wenn die Fahrzeit inneihalb eines vorbesUmmten FeMerbereichs liegt 

X VeilahrengemaBAnspruch 2. wobd der Schritt (cz) ein Vbrarbeiten des Wert^ 

Jedes Gebiet ennittelten verbrauchten Energie als VektorgrOBe. urn cfie Zielgeschwindigkeit entiang der Richtuno 
des Vektors umden Einheitswert zuAndem. 
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4. Veffahren gerndB Anspnich 3. wobei das Verarbeiten etner VektorgroBe ein Andem einer Kbrnponente der Vektor- 
grOBe des Gebietes auf IT enthfltt. wenn die Kbrnponente der VdctongrOBe negativ ist. 

5. Veffahren gemaB Anspnich 2. wobei der Schritt (C2) einen Vbrgang des Vernngems des Bnheitswerts zum Andem 
5 der Zielgeschwindigkeit enfhfllt. wenn die Rdvz^ des Zuges in dem Qebiet stch der voitoestimm te n Rihrzeit 

ndhert. 

6. Veffahren gemaB Anspnich 1 . wobei die Fahrzeit und die verbrauchte Energie des Zuges in dem vorbestimnTten 
Reisegebiet auf der G^undldge einer Eingangsgeschwindgkeit wenn der Zug in das Reisegebiet einfahrt einer 

10 vorbestimniten Steigungsintormation. eines Fahnwiderstands des Zuges. ebier BescMeunigungs- und Afabrems- 
characteris&k des 2^es und eines Gewichts des Zuges erhalten wird. 

7. Veffahren gemaB Anspruch 6. wobei die verbrauchte Energie ais Auswert^unktion (E). ausgedrOckt durch eine 
Qeichung E s E(V , V^) , wobei die einzelnen Zielgeschvwnd i gkieiten unabhAngiga Variablen (V^. V^) sind. 

15 behandelt wird. 

8. Verfahren gemAB Anspnich 7. wobei die Fahrzett als AuswertefunMktfi CO. ausgedrOckt durch die Qeichung 
T = T(V, Vn), behandelt wild. 

20 9. Verfahren gemaB Anspruch 7 oder 8. wobei der Differentialkoefrizient von einem Ndh^ungsausdruck von 
5E/5V(n) = AE/AV(n) erhatten wird. wobei die Zielgeschwincfigkeit V(n) im Bereich von 0 ^ V(n) ^ V^^n) gean- 
dert wird und V(n) die optimale Zielgeschwincfigkeit ist, wenn E einen miramalen Wert annimmt 

Revendicattons 

25 

1 . Proc^d de producfion d*un plan de ctrculatkui de train pour faire ctrculer un train & travers un trongon de d^lace- 
nnent prM6termin6 dVme vole de chemin de fer dans lequel le trongon de d^lacenrwrt est cfivis^ en ptusteurs tron- 
sons, ayant ctiacun une vitesse limite prM^ermin6e (V^/og)- tout en maintenant un temps de drcdatkm 
pr6ddtemtin6 (Tq), lei proo6d6 comportant les Stapes consistant it 

30 

(a) 6tat)lir une vitesse dtale pour chaque trongon ; 

(b) obtenir una Energie consomm6e (E) et un temps de drcutation (T). dans lesquels on simule que le train dr- 
cule conform^fnent aux yitesses dbtes de chaque tron^on. en supposant que te train est acc6i^6 par une 
force d'acc6l6ration maximale et cpiele train est ddc6l6r6 par ur>e force de d6c6f6ration maxiniale ; 

.35 (c) pour chaque trongon. sans fairs varier les vitesses dbles des autres tron^ons. rdduire la vitesse ciUe du 

tFori^on et. obtenir une 6nergle consommte (EO ^un temps de circulation (T) pour la vitesse dble chang6e 
du tronoon, et d^erminer un rapport de changement de I'^ergie consommte obtenu pour le trongon ; et 
(d) r6p41er les dtapes (b) et (c). les vitesses cSsies. aprte chaque 6tape (c). 6tant r6irritiaits^ sur la base des 
rapports de changement af in de determiner les vitesses c&iles de tous tes trongons du tron^ de d6place- 

40 ment pr6d6termin6 de teRe sorts qiie. dans la simulafion. le train drcule conformdment autfit temps de circu- 

lation pr6d6termin6 et f 6nergie consommte devient minimal& 

2. Proc^e selon la revencfication 1 . dans lequel r^tape (c) corHporte les Stapes consistant k : 

45 (ci ) determiner te rapport de changement de I'^ergie consomm6e pour chaque tron^ comme 6tant posilif 

dans lecas oO rdnergie consommde diihinue atorsque letenrpede cinxilatkm est augment6. la vitesse dble 
6^ie inilialenient k I'dtape (a) 6tant suppos^e §tre la vitesse limite : 

(C2) r^duire la vitesse dtile du trongon. dans lequei le rapport de changement resultant de r6nergie consom- 
rn6e prend la val&jr maximale, d'une quantity unitaire ; et 
so (C3) traiter la vitesse dble r6duite d'une quantity unitaire dans I'^tape (C2) en tant que nouvelle vitesse dble. 

kvsque le temps de. droulation est dans une plage d*enreurs pr6d6termin6a 

3. Proc6d6 selon la revendicatton 2. dans lequel V&tape {c^ comporte un trahement de la vateur du rapport de chan- 
gerrrent de r^ergie consomm6e obtenu pour chaque tronQon en tant que grandeur vectorielle pour changer la 

55 Vitesse dbie le long de la direction du vecteur d'une quantity unitaire. 

4. Procada selon la rewendication 3. dans lequel ledit traitement en tam que grandeur vectorielle comporte le chan- 
gement dYine composante de la grandeur vectorielle du trongon a "0' si la cdmposante de la giandeur vectorielle 
estnagative. 
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5. ProcM6 selon la revendication 2. dans lequel r^tape oomporte un traitement de diminut'on de la quantity uni- 
tairepour changer la vnesse dbte. toreqtie le temps de drculation du 

circulation pr6d6termin6. 

6. Proc6d6 sdon la revendtcatkm 1, dans lequel le tennps de circulation et r^nergie consomm6e du train du tron^on 
de d^acement pr6d6termin6 sont obtenus sur la base de la vitesse initiale lorsque le train p6ndtre dans ledit tron- 
Qon de d6placement. d'une information de d^divitd pr6d6terminte. d'une resistance k la ctrculation du train, des 
caractdrfstiques d'aocdl6ration ei de dte^ltetion du train et du poids du traia 

7. Proc^dd selon la revendication 6. dans lequel t'dnergie consomm66 est amen6e k 6tre une fonction d*6vaiuation 

(E) exprimde par r^quatton E » E(V | V^) dans laquelle ies vHesses dbies individuelles sont des variables 

ind6pendant88(Vi Vn). 

a Proc6d6 selon la revendicalion 7. dro lequel le temps dedfoilatk^ 
(T) exprim6e par r^quation T - TCV ^ V^). 

9. Proc6d6 selon la revendication 7 ou 8, dans lequel un coefficient diff6rentiel est obtenu d partir d'une expression 
approchte de 8E/6 V(n) « AE/AV(n) . la vitesse dUe V(n) 6tant changte dans la plage de 0 ^ V(n) ^ Vmax(n) et 
V(n} 6tant une vttesse ctWe opSmate lorsque E a una valeur iranimale. 
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